Extending the utilization of Real time data for Pressure Transient Analysis
INTRODUCTION
Many major oil companies have invested in acquiring real-time data from their fields for a long time.
Permanent downhole measurement systems (PDHMS) are becoming an important part of latest intelligent fields (I-Field) development plans. Permanent Downhole Measurement Systems (PDHMS) became the main source of information in capturing real-time reservoir pressure response due to the extensive adaptation of the I-Field. In the years to come, further investment toward these approaches is anticipated.
The definite real-time data collected using these systems are not utilized completely. Worldwide, PDHMS installations is dated back to the 1960s, when they were mostly applied in operational rationale such as to monitor downhole equipment and pumps. PDHMS installations on the other hand were not very familiar up to the untimely 1990s, their value spread more widely since the dependability of PDHMS installations expanded.
The main advantages of this application however, can be recognized only when it is taken from examination and simple surveillance to a source for characterization of reservoir. Workflows and systems should be developed for the transformation of the large amounts of data, flow rate, temperature and pressure, into actionable information for the enhancement of field performance and development.
PDHMS together with Multi-Phase Flow Meters (MPFM) is also capable of providing for more value through the translation of their data into reservoir characterization information. Well shutdown and occasional field will lead to build-ups that may be known as 'free well tests' that can be used in provision of crucial information concerning the field, well performance and evolution through time. Established workflow is necessary in managing the real-time data when it comes to filtering, denoising, retrieval and storage is necessary in attaining the maximum advantage of the instrumentation investments.
This study will build up utilization cases for the use of permanent downhole pressure gauges for describing reservoir and evaluating performance with pressure transient analysis. Multi-Phase Flow Meters (MPFM) data and actual real-time PDHMS will be applied in this study. Reservoir, field and well data will be assessed and validated. These data will then be analyzed to evaluate well performance and find out reservoir parameters.
This study will mainly deal with the analysis and evaluation of these data to illustrate well performance and reservoir evolution.
The objective of this study is to develop a dynamic real-time well testing workflow, with the use of data from the intelligent fields. The study will present a methodology for pressure transient analysis with the use of I-Field real-time data from Permanent Downhole Gauges. In addition, data quality issues as well as the benefits of the developed workflow will be discussed.
CHAPTER 1: LITERATURE REVIEW
The first paper to discuss the use of permanently installed bottomhole pressure gauges is by W.A. Nestlerode (1963) . Nestlerode identified potential operation problems for obtaining the necessary reservoir data for effective control. More recent literature is summarized in the following paragraphs. Athichanagorn et al. (1999) present a methodology and sequential steps for analysis of the data acquired with permanent downhole pressure gauges. A variety of wavelet algorithms are discussed to denoise the data and provide reliable pressure transient trend. Ortiz et al. (2009) tested several wavelet denoising techniques on a large volume of PDHMS data. The effect of wavelet type, threshold, and resolution level, were discussed. The paper classified and rated each technique for comparison. Chorneyko (2006) presented the operational aspects of permanent downhole pressure gauges and practical cases of information obtained and reservoir management decisions derived from the PDHMS. The author also highlighted the ever-increasing number of gauge installations across the industry. The author stressed the fact that such a sizeable investment required active stewardship to realize effective utilization.
De Oliveira Silva and Kato (2004) presented a successful case of utilizing PDHMS data to identify barrier and inter-reservoir connectivity, which eliminated the need for workovers or survey services. This paper illustrated how PDHMS can be a vital tool to achieve sound reservoir management, completion, and production decisions. Horne (2007) discussed methods and algorithms to manage and interpret permanent downhole pressure gauge data for the industry to make the best use of this source of the bundant data. The author highlighted the need to store the PDHMS data in a manner that allows efficient access and recovery. Also, the author stressed that the problems were not yet fully solved, and research in this area is needed to develop a set of reliable automated algorithms to gain maximum advantage. Suzuki and Chorneyko (2009) presented a new method for automatic pressure buildup detection from PDHMS. This method analyzes the pressure response for specific patterns and the change of pressure over a specific time window to identify the start of the buildup or drawdown periods. The authors tested this method on field cases with positive results.
Fuyong Wang and Shiyi Zheng (2014) this paper describe a new method of analyzing long-term Permanent Down-hole Gauge (PDG) data for real-time reservoir monitoring. The wavelet frequency analysis approach developed can identify dynamic changes in reservoir properties and well conditions from PDG data. Chuan Tian and Roland N. Horne (2015) presented the permanent downhole gauges (PDGs) provide a continuous record of pressure, temperature, and sometimes flow rate during well production. The continuous record provides us rich information about the reservoir and makes PDG data a valuable source for reservoir analysis.
In summary, the information in the literature is focused on PDHMS data denoising, filtration, and events detection. There are very limited publications on the utilization of the collected data in reservoir characterization and well performance evaluation, which is the focus of this study.
CHAPTER 2: MATHEMATICAL AND PHYSICAL BACKGROUND
Technical information is presented in simplified and abstracted forms so as to give wide knowledge and a general perspective on topics directly connected to this study.
Pressure Transient Analysis
From the first drill-stem test run in 1926, pressure transient analysis (PTA) or well testing has steadily improved. The well testing has transformed from a primitive compound packer and valve run on drill-string into an expansive array of complex downhole and surface technologies, All oil companies are interested in knowing the nature of fluids, the flow rates, and the duration of the sustainable production.
A number of answers to such important questions can be provided by well testing, given the correct technology, planning, and implementation. Generally, well testing has been useful in determining completion efficiency, productivity index, formation damage, production capacity, vertical layering, formation heterogeneities, drawdown pressures, flow rates, permeability, fluid properties, areal extent, distance to boundaries, reservoir pressures, etc.
The testing process involves the determination of in-situ reservoir conditions and fluids as they flow from the structure revealing a range of dynamic and sometimes exceptional dimensions. In accordance with the level of a test, several parameters are determined at many points along the flow path, enabling engineers to evaluate flow rates, temperatures, and down-hole pressures against surface measurements (Table 1) .
Operators apply well testing to obtain reservoir fluid samples, both at the surface and down-hole, to examine modifications in fluid composition and properties between the wellhead and the perforation. This data is essential in predicting the future characteristics of a well or a reservoir completion. Well testing by means of PTA objectives modifies with each phase in the life of a well and the reservoir.
In the course of the appraisal and exploration phase, well testing assists in the determination of the reservoir size, its permeability and fluid properties. Together with the rates of production and pressures, this information is useful in assessing the commercial viability and deliverability of a prospect, and it is significant for setting aside reserves. Of basic importance in the initial stages of a prospect's assessment are the characteristics of fluid. These characteristics help Oil companies when determining suitable process apparatus to be used in treating and moving extracted fluids from the well to the refinery plant. In the process, the attention moves from evaluating fluid characteristics and deliverability to assessing flow and pressure and establishing compartmentalization inside the reservoir.
These facts are necessary in processing the field development plan and optimize situation of successive wells. Well tests, at the production stage, are performed to appraise completion effectiveness and analyze unanticipated alteration in production. Whether production rejects are brought about by the completion or by the reservoir can be determined by these tests.
These results, in the later times of the reservoir, will be essential for evaluating succeeding secondary recovery plans. alterations in production lead to pressure agitations that arise from the wellbore to the adjacent developments.
The geological features and fluids inside the reservoir affect these pressure pulsations. Even as they may move directly through a standardized pattern, low-permeability zones may hinder these pulses or may completely disappear when they go into a gas cap. The operator, by measuring wellbore pressure response over time, could get a pressure curve that is determined by the specific fluids contained in the reservoir and the geometry of geological aspects. to verify its parameters. For the purpose of achieving a good match between modeled and real data, the operator needs to tune some assumptions in the model about the well and its reservoir, including distance to a fault, permeability, and other parameters.
In this field, Production histories from wells are then entered into the replica. Another simulation is performed across the reservoir and to model pressures at the wellbore. Wellbore pressures and simulationderived fluid ratio are impaled via a history-matching process to compare them with measured production pressures and ratios. It is common for initial results to differ, whereby the model parameters are also altered.
This iterative procedure persists until a good match is acquired between simulated and actual results. In that case, reservoir model can be applied in prediction of completion scenarios, future production and well location.
One of the most helpful applications of well test information is perhaps accomplished via PTA. Analysts could observe pressure changes in detail through generation of a log-log plot of calculated pressure over time, when plotted together with the derivative of varying pressure. The pressure change derivative gives a typical mark of reservoir pressure reaction to well testing that can be construed based on reservoir volumes, heterogeneities, formation damage, permeability, boundaries and flow regimes. When incorporated into these and other complex interpretation methods, PTA data assists production teams to appreciate their reservoirs and attain their business and engineering objectives.
Digital Oil Field/I-Field
The oil industry has a lengthy account of utilizing the accelerating supremacy of digital technology. The growing performance of digital devices like bandwidth, processors and storage is resulting in waves of technological modernization that guarantee momentous latest qualifications for Oil firms. Consequently, the industry remains at the peak of the digital oil field of the future (DOFF). This will give room for field workers and petro-professionals to gain from full asset understanding of their capability of monitoring and managing all equipped activities in real time, in spite of the site.
It is understood that this state-of-the-art technology for developing, producing and finding oil and gas will probably play a very significant task in giving room the Oil companies to recognize the full economic prospective of their skill.
Below are the main advantages presented by the DOFF: c) Increased production rates: Improving well management and reducing equipment failures raises production volumes, with debottlenecking and optimization efforts offering more benefits. Currently, the industry maneuvers at 80 to 90 percent of its technical competence. The DOFF could increase this utilization rate by 2 up to 6 percent. d) Diminution in capital costs: The DOFF notion stands for the next step in a migration toward the use of computing systems to control and monitor remote machinery.
These benefits do not exist independent of one another. Instead they depend on a strong interdependence in order to accomplish their utmost gains. The technologies and processes that enable greater production volumes also control water and gas handling, powerfully manipulating ultimate recovery capacities.
Exploiting and discovering further reserves boost facility all through and the call for optimization.
DOFF benefits will not turn up simply by obtaining more and better data from all facets of gas and oil operations. Organizational changes and transformative work processes will possibly be required to make use of the latest technologies, one of which is the exploitation of real-time data from PDHMSs into the PTA process and well testing.
Permanent Downhole Measurement Systems
For the past one hundred years, petroleum development and exploration has advanced from simple techniques, like digging a hole into a supposed reservoir, to complex production control and monitoring techniques. Since then, the petroleum industry has developed into a multibillion-dollar industry. Since the reserves have become more difficult to find, development and exploration methods have become increasingly intricate.
The need for accurate down hole data is now a requirement for booming reservoir monitoring and production since the petroleum reservoirs accessible nowadays are located in environments that cause loads of technical difficulties in development. Nowadays, petroleum is found in offshore environments, and those established on land also necessitate enhanced oil recovery methods in order to take full advantage of productivity.
The successful application of enhanced recovery techniques like hydraulic fracturing, water flooding and vertical lift performance, accurate downhole data are necessary.
Permanent sensors and monitoring systems assist in guaranteeing optimization of production methods and reservoir monitoring by providing the petroleum engineer with real-time data to make accurate and timely decisions. A case in point is whether to acidize a well or fracture it, where to place perforations and how best to conduct a water flood. Data acquired through permanent monitoring systems also gives room for the petroleum engineer to make out tribulations like leaking valves and plugged chokes. This is the reason behind the study of sensors and permanent monitoring systems. Loads of research is underway in the area of sensors to make them more effective and advance them. Permanent monitoring systems have turned out to be a very significant feature of petroleum technology.
The necessity of accurate down-hole data first resulted in the utilization of surface gauges. It was soon found out that the data obtained with surface gauges was not adequately accurate for oil recovery methods.
Wire line gauges were made up for the acquisition of accurate data. This resulted in further inventions, for example the down hole gauge, from which the permanent monitoring system developed. With the latest introduction of a variety of software for interpretation and communication, a well monitoring system is now capable of collecting and interpreting data. In several cases, it may take the necessary action needed in controlling the well, for instance to close a valve with less human intervention.
When a permanent well monitoring system is able to take specific actions like the shutting-in of a gas lift valve founded on the data collected by the system without human contribution, is called an intelligent completion.
The intelligent system is a well monitoring system that somewhat has a capacity of managing field production with or without human intervention. It makes the most of field production through the investigation of the data collected with permanent sensors on an unremitting basis. The intelligent completion is intended to last all through the life of the well. In reality however, 55 percent of most downhole electronic sensors record failures in not more than four years.
In order to achieve this form of automated field management, a feedback loop links subsurface controls to the well monitoring system. When the data are being collected, they are interpreted, and the obligatory action is undertaken devoid of a costly work over. Due to the permanent monitoring systems and the high cost of intelligent completions generally, offshore wells only frequently validate such an expense as a result of well interventions for such wells exceed the cost of an intelligent completion to a great extent.
Additionally high production rates from offshore wells have the same conditions. Additional wells that apply intelligent completion technology are high-rate production land wells in inaccessible areas. Once more, this is due to the fact that a work over operation in those wells will be more costly than an intelligent completion, and thus makes an intelligent completion an economic choice. The capability of monitoring down-hole variables in real time gives room for a better picture of what really happens in down hole.
Besides, the wealth of data collected is to a great extent larger than the data collected with the use of techniques that are more traditional. All these factors assist in producing or engineering reservoir to make efficient decisions in developing or producing reservoir.
Wavelet Filtration
Implementing a smart filter that would considerably cut on the number of data points while maintaining both high and low-frequency data remains the greatest test in the analysis of permanent gauge data.
Permanent gauge data obviously make noise. In the production period, for the low-frequency data, some denoising is necessary before the reduction in some points to facilitate an effective reduction. This is the characteristic function of a low-pass filter. Keeping the high-frequency data, however, is the main problem.
A low-pass filter masking of a break in the pressure response is not wanted after a shut-in. But we are interested in a high-pass filter at the time of the shut-in.
Depending on the section of the data we are want, therefore, we are either interested in a high-pass filter or a low-pass filter. Although it acts as a low-pass filter in someplace so as to smooth production stage responses and facilitate an effective data reduction, the solution would be a filter that detects the appropriate break of high-frequency data and operates as a high-pass filter on these breaks to maintain their intact status.
This ought to be conducted with respect to the pressure data, with no knowledge of the well production history a priori. The wavelet algorithms effectively met this specification. It functions as a filter with a threshold for the operator. A particular level is set, below which any noise is taken as noise and is eliminated. Hopefully, most noisy signals during the producing stage falls under this category. In contrast, any noise above the designated threshold level will be taken as a representative break in the data and will be adopted. Whenever the well is shut in, this will hopefully be the case. The break in the pressure information will serve as local and high-level noise.
Wavelet algorithms are multi frequency processes. We will start by showing what happens on a given frequency, corresponding to a time period "a." We use two basic tools: a normalized scaling function ø, used to define a low-pass filter, and a corresponding wavelet function ψ, used to define a high-pass filter.
These functions must respect the following conditions:
A simple example for functions ø and ψ is shown in Figure. 1.
FIGURE1: SIMPLE EXAMPLE OF SCALING AND WAVELET FUNCTIONS
These functions are used to decompose a given signal (our original data or some transformed data) into two component signals: the complementary transform C a and the wavelet transform W a , by respective convolution of the original data with the scaling and wavelet functions.
One remarkable property of these transforms is that there is a numerical way to make these transformations reversible. If we decompose a signal into a wavelet transform and a complementary transform, we will be able to recreate the original signal from these two transforms by a reverse operation.
So these dual transforms act as a projection of the signal into two complementary spaces. This is only possible because the operators and have been carefully chosen. One operator will correspond to one operator, and vice versa.
FIGURE 2: SCHEMATIC OF A SINGLE-FREQUENCY WAVELET ALGORITHM: D = DECOMPOSITION, T = THRESHOLD, R = RECOMBINATION
Comprehensive wavelet denoising is a multiple-frequency process, as shown in Figure 3 . In this example, there are four such frequencies. This is a parameter that will be controlled in the filtering application. The process must first interpolate the raw data to start with a set of points with a uniform time spacing a.
FIGURE 3: SCHEMATIC OF COMPLETE WAVELET ALGORITHM: I = INTERPOLATION, D = DECOMPOSITION, T = THRESHOLD, R = RECOMBINATION, F = POST-FILTRATION
The functions and ψ presented in Figure 1 are the simplest case. However, functions used on real data are smoother in order to avoid numerical effects. Figure 4 shows another set of functions, more likely to be used on the real data.
FIGURE 4: REAL SCALING AND WAVELET FUNCTIONS
The engineer carrying out the filtration may control the parameters that characterize the wavelet development or may be automatically set. In the list below, the parameters that will be controlled or automatic, and the effects of the controlled parameters are described in the sections below. The original time spacing, a, is quite significant, and the characteristics of a higher frequency will vanish in the first interpolation. Since acquisition times are not regular, picking the smallest time interval between successive raw data cannot be a solution, and it won't warrant the taking of raw data points.
Though it would involves one or several billion points, the smallest possible a (that is, the highest possible frequency) filtration with the original interpolation sampling of one-tenth of a second would help us not miss anything. In addition, beginning with a very high frequency has a big weakness. There is a mere replication of the time stepping for every extra level of decomposition. The frequency of the real noise might be missed, as the number of these decomposition layers is limited. The resolution is selecting an initial time stepping that meets the needs of an engineer. A time stepping of one second will function, although it will entail central processing unit (CPU) demands that may not be equivalent to it, and the demonizing of the production data may not be adequate. If the concern is not in high-frequency data, a time step of 1 minute will be very fast and more than enough. When one needs to pick the high frequency at a realistic expense, a time step of ten to twenty seconds is going to be a better appeasement.
The precise point of shut-in might not be exactly recognized, despite the fact that the data will still be useful to PTA, and it will be feasible to return to the raw data and selectively reload some important parts.
Kappa Software (Saphir)
Saphir is the industry standard PTA software, used by nearly all major IOC's, NOC's, Independents and Service Companies. Its simple user interface and workflow allows for fast training and self-learning for occasional users. For the advanced user, it offers a unique combination of analysis tools, analytical models and numerical models which can connect to other dynamic data application such as Topaze NL for Rate Transient Analysis and Rubis for fullfield history matching.
FIGURE 5: SAPHIR WORKFLOW (kappaeng website)

Data loading in KAPPA-Workstation
Saphir can load an unlimited number of gauges, rates, pressure and other data in almost any format includng ASCII, Excel.
Data transfer from KAPPA-Server
Saphir has real time links with acquisition systems, data drag and drop from other KAPPA workstation and modules KAPPA server which can identify build ups.
Log-log analysis tools
Interactive analysis tools are overlaid directly on the type curve to identify flow regimes. 
Analytical models
Software offers a comprehensive built in analytical catalog combining well, reservoir and boundary models, complemented by external models. 
Numerical models
Numerical models are used for geometries beyond the scope of analytical models. This is predominantly 2D but with 3D refinement where needed. These numerical models also address nonlinearity.
Pseudo pressures are replaced by the exact diffusion equations for real gas, non-Darcy flow, pressure related physical properties, multiphase flow, water and gas injections, water drivers and desorption models for shale gas. 
Data collection:
In the workflow, the first undertaking necessitates the setting up of the field. As usual, this mission is done once only. Information like location, name, reference, time and date for the start of data collection, and so on are entered throughout the field setup. Other common field properties that are also can also entered are relative permeability data and pressure/volume/temperature (PVT). A map of the field can also be loaded here, which demonstrates a variety of well locations. Later on, this map can be digitized and applied in multi well test analysis in studying how the nearby wells affects the pressure behavior of a certain well that is being investigated. The next step is adding each and every well in the field and carry on to organize the data tags for every well.
Examples of typical data tags are surface pressures, the downhole pressures and flow rates. In point of fact, there are two pressure gauges that are established in the majority of these wells. Data tag configuration necessitates the association of every tag name in the field setup having a subsequent tag name in the data historian or repository. The system gives room for the connection any source of data.
Mirroring
Rating the data into the system and Loading pressure starts with a process known as mirroring. The system examines the Oracle data warehouse for flow rate data and the high-frequency pressure in their initial state during this process.
The original data are indexed, compressed and stocked up as a twofold file in this method, and a consistently spaced condensed data set is exhibited on the screen so that they can be inspected.
The data reduction ratio that is used for display is user-defined, and has a default set at one thousand.
The process of mirroring guarantees the availability of all the gauge data for swift processing, elegant cleansing and filtration, before the interpretation and analysis.
In every 2 hours, the mirroring process is repeated by default, whereby any new data that is obtained in the data repository are appended and loaded to the accessible data that is reflected in the system. This automated update process guarantees the availability of permanent sensor data in actual time for the user. The client can set the process of update to take place regularly as it is necessary.
Data Reduction
Since the raw data that comes from the permanent sensors are bulky and most of the time goes along with outliers and noise, the data has to be denoised before filtering them down to a realistic size to ease interpretation and analysis. To guarantee a smart filtration and denoising, the system carries out this data reduction with the use of wavelet-based algorithm. In order for outlier or noise to be removed, the wavelet algorithm is the determiner of the trend in the data and offers the user with an adjustable ribbon or band in the region of the data set. The data points that are outside this band are discarded as outliers or noise. For smart data filtration, the wavelet algorithm is applied, which guarantees the preservation of all significant events, like shut-ins. Figure 6 shows an example of wavelet denoising with the aid of the adjustable ribbon.
The wavelet data filtration algorithm necessitates the original data set to be spaced evenly. The system otherwise fills in any irregular space that have interpolated data. The system offers the facility that stores and creates a filtered data set from the reflected raw data.
The user has the alternative of using the system default filter settings or to overriding them during the original filtration setup. These settings will be applied automatically to any successive raw data that is obtained and appended to the presented filtered data set. The user may however go back to any part of the data locally and history repopulates any significant sequences, like shut-in periods needed for PTA. The accessibility of the reflected raw data makes this to be very fast and feasible.
FIGURE 8: EXAMPLE OF PDHMS DATA NOISE AND OUTLIER REMOVAL USING
WAVELET ALGORITHM
Data Quality Control
Before conducting any data analysis, it is important to quality-check the data to ensure consistency. The flow rate data and the pressure data have to be synchronized to allow the PTA to proceed. In most cases, shut-in periods are obviously detectable on pressure gauge data. The flow rate account, however, is unlikely to give obvious void (zero-rate) portions that are synchronized with the pressure data's shut-in periods. As a result, there is need for some adjustments to bring the rate to zero, where shut-in is shown.
The system offers a capacity to generate a derived or secondary medium, where the rate history is regenerated to be in synchrony with the pressure data for the period of shut-in. The rate, in the regenerated production record, is put to zero every time a shut-in is observed in the pressure data and maintained in its default values wherever else.
Data Analysis and Interpretation
Nonlinear regression is used to optimize the model parameters. This may be automatic or user controlled from a list of variable parameters, an acceptable range and weighting of the data. Optimization may be performed on the extracted period(s) or on the whole production history. Confidence intervals may be displayed. Sensitivity analysis may be performed on the same model using different parameters.
A transient (rate or pressure) investigation and analysis can start once the pressure and production record data have been quality-checked and synchronized. The transient rate and pressure analysis applications make up part of a group of interrelated applications that make the data transfer more efficient. The operator just clicks on the expected gauge, then click on the next icon to transmit the data. Investigation and analysis can therefore be performed using all the contemporary apparatus available, which include well parameter estimation, nonlinear regression for reservoir and pressure derivative diagnostic plots. In case the user is dissatisfied with the analysis, may be due to the over filtering of pressure, the system will offer the facility of going back and sampling the pressure data once more.
If necessary, the user has the alternative of including more pressure data points or using all the raw pressure data. Figure 9 shows an example of multiple pressure buildup analysis using PDHMS data. Pressure buildup analysis of this kind might be applied in tracking any changes in wellbore condition (skin) and reservoir properties over time.
Something else that has to be mentioned is the fact that the third buildup was the consequence of plant shut down for maintenance intentions but not a planned shut-in.
Flow Regimes Sequences:
 Early flow/shut-in sequences are used to estimate initial reservoir pressure.
 Extended flow sequence used to "sample" near-well reservoir volume.
 Extended shut-in sequence used to estimate near-well reservoir properties.
 Wellbore Storage (WBS): "Unit Slope" trend (straight line on log-log plot).
 Infinite-Acting Radial Flow (IARF): Semilog plot relation.
 Formation Linear Flow (FLF): Fractured wells, high conductivity fracture. From the skin match, the skin factor can be calculated as = 1 2
Results
Specialized analysis plots (log-log plot -Semi-log plot) can be created with options tailored to specific flow regimes when the interpretation and analysis were completed, the analysis outcome, in addition to the intact analysis file including production history data and the accompanying pressure, were ready to be archived. In the system directory, a pointer to the file location can also be established. This guarantees the availability of results and well test analysis files in the same system to be used in future.
CHAPTER 4: CASE STUDIES
For characterizing the reservoir and evaluating well performance with pressure transient analysis, two (2) case studies will be completed using real-time data from permanent downhole pressure gauges.
Case 1:
Data collection:
Field description: The field is a north-south-trending anticline 22 mi [37 km] long and 4 mi [7 km] wide, and contains two productive sandstone reservoirs.
Well description: the well in Case 1 was completed in June 2008 as a cased-hole horizontal producer.
Formation analysis logs for Case 1 are shown in Figure 12 . The well was equipped with a packer for zonal isolation and a permanent downhole monitoring system (PDHMS) for reservoir monitoring.
Type of reservoir: Sandstone oil field
The main model parameters are as follows: 
FIGURE. 11: RESERVOIR PARAMETERS
FIGURE.12: FORMATION ANALYSIS LOGS FOR CASE 1
[133+ days] with 5,540 pressure points and 1,480 rate points. In this dataset, there are three distinct buildups.
The last build up was selected for analysis because it is preceded by a long shut in period which can provide a good match with the model.
FIGURE. 13: CASE 1 DATA
Data Analysis and Interpretation:
A horizontal well model was used to match the data with changing WBS in an infinite-boundary homogeneous reservoir. The horizontal well is used in this reservoir to ensure better recovery, fewer number of wells and lower field development cost. It appears from the pressure response over the radius investigation (4428.42 ft.) that the reservoir behaves as a homogeneous reservoir. This is also consistent with the geological description of the reservoir.
Figure14
shows the data overlaid with the model match. Given that no prior stimulation was conducted on this well, the negative skin could possibly be attributed to geoskin or fissures (near the wellbore). 
Data collection:
Field description: This field is a north-south-trending asymmetrical anticline. The eastern flank is slightly steeper than the regional dip, averaging approximately 2 0 , while the western flank steepens to a maximum dip of 8.7 0 . The length of the field is approximately 90 km, and the width of the field ranges from 5 to 17 km. There are three oil-bearing carbonate reservoirs.
Well description: The well in Case 2 was completed in May 2008 as an openhole horizontal producer. Figure. 17 shows Case 2 Formation analysis logs. The well is equipped with an electrical submersible pump (ESP) and a Y-tool on 4½-in. tubing. It also has a PDHMS for reservoir monitoring. Figure. 18 shows a cross section of Case 2. This well was a subject to well acid stimulation, shown as the highlighted interval in Figure.  Zw = 55 ft.
FIGURE. 18: CASE 2 WELL CROSS SECTION
Data: Figure. 19 shows the real-time data downhole pressure and rate data. These data cover a period of 1,800 hours [75 days] with 12,541 pressure points and 574 rate points.
FIGURE. 19: CASE 2 DATA
Data Analysis and Interpretation:
A horizontal well model was used to match the data with changing Wellbore Storage (WBS) in an infiniteboundary homogeneous reservoir. The horizontal well is used in this reservoir to ensure better recovery, fewer number of wells and lower field development cost. It appears from the pressure response over the radius investigation (786.323 ft.) that the reservoir behaves as a homogeneous reservoir. This is also consistent with the geological description of the reservoir.
Results:
The log-log analysis of the Pre-acid buildup is illustrated in Figure 20 and is compared with the log-log analysis of the Post-acid period illustrated in Figure 21 , where the test data were matched to a horizontal well model in a homogeneous reservoir with changing WBS.The model match indicates an effective horizontal length Le of 1,816 ft., which is a significant improvement over the previous value, 1,024 ft., determined from the Pre-acid test. The flow capacity was determined to be 10,600 md-ft. The results also
show a skin factor of -2.4 compared with the Pre-Acid value of zero. Analysis of the test data indicates a very successful acid treatment and highlights the value of pressure transient analysis of PDHMS data in providing a reliable means to diagnosing the well and characterizing the reservoir.
FIGURE. 20: PRE-ACID LOG-LOG ANALYSIS FOR CASE (2)
CONCLUSION
The dynamic Pressure Transient Analysis workflow have been presented in this study, with the use of the Permanent Down hole Gauges according to the Intelligent Field initiative. The use of this workflow could lead to cost savings, as a result of decrease in the number of planned shut-ins for pressure buildup assessments. Using the long production history data captured by PDHMS to confirm that the flow period has the same results as the shut in period also allows for the estimate of permeability and skin damage in addition to hydrocarbons in place and reservoir boundaries, which generally necessitates well shut-in, and consequently, increases loss of production.
